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[57] ABSTRACT

A method of establishing an N time slot connection
through first and second, single-buffered time slot inter-
changers where the time slots interconnecting the two
time slot interchangers, referred to herein as network
time slots, are chosen in accordance with particular
selection criteria such that all N time slots received by
the first time slot interchanger 1n a single frame, are also
transmitted from the second time slot interchanger in a
single frame.
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METHOD FOR ESTABLISHING WIDEBAND
COMMUNICATIONS THROUGH A TIME
DIVISION SWITCHING SYSTEM

TECHNICAL FIELD

This invention relates to telecommunications.

BACKGROUND AND PROBLEM

Most digital communication within the switched,
telecommunications networks 1s limited to 64 kilobits
per second due to the constraints imposed by existing
switching systems and transmission facilities. In specific
applications requiring greater bandwidth, several nar-
rowband channels are combined to form a wideband
channel, sometimes referred to as an N X DS0 channel,
where DS0 refers to a 64 kilobits per second channel
and therefore an N X DS0 channel is an integer multiple
of 64 kilobits per second. A problem occurs when the
data from grouped channels is not switched through a
switching system in the same order that the data is
received. This occurs when a time slot interchanger of
the switching system causes some, but not all, of the
time slot data of a given time division frame to be de-
layed and combined with the time slot data of another
time frame. One solution to this problem is to provide
double-buffered time slot interchangers where all the
data from one frame is written into a first buffer while at
the same time data is read out from a second buffer that
was stored therein during the previous frame. The read-
ing and writing of the first and second buffers alternates
every frame. This solution works well but adds both the
cost of the additional memory and one frame of trans-
mission delay for each double-buffered time slot inter-
changer. In addition, the problem remains for the large
number of existing switching systems with only single-
buffered time slot interchangers.

Solution

The above problem is solved and a technical advance
is achieved in accordance with the principles of the
invention in a method of establishing an N time slot
connection through first and second, single-buffered
time slot interchangers where the time slots intercon-
necting the two time slot interchangers, referred to
herein as network time slots, are chosen in accordance
with particular selection criteria such that all N time
slots received by the first time slot interchanger in a
single frame, are also transmitted from the second time
slot interchanger in a single frame.

A method in accordance with the invention estab-
lishes an N time slot connection through first and sec-
ond time slot interchangers where 31, j2 ... JN are the
numbers associated with the N input time slots to the
first time slot interchanger for the connection and k1, k2

. . . kKN are the numbers associated with the N output
time slots of the second time slot interchanger for the

connection. For each integer 1 where ji> =ki, a time
slot number xi is selected with xi> (ji+d) or xai <(ki—~d)
and xi is an idle output time slot of the first time slot
interchanger and also an idle input time slot of the sec-
ond time slot interchanger, and with d being a positive
integer or zero. For each integer i where ji<ki, a time
slot number xi is selected with xi <(ji—d) or x1>(ki+d)
and xi is an idle output time slot of the first time slot
interchanger and also an idle input time slot of the sec-
ond time slot interchanger. Once the time slots x1, x2 .

. XN are selected, the first time slot intercharger is
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controlled to connect input time slots j1, 32 ... JN to the
output time slots x1, x2 . . . xN of the first time slot
interchanger. The second time slot interchanger is con-
trolled to connect the input time slots x1, x2. .. xN of
the second time slot interchanger to the output time
slots k1, k2 ... kN.

When N time slots x1, x2 . . . xN are not available
meeting the above criteria—i.e., a blocking condition, a
further method may be used where ji>ki for all 1. A
time slot number xi <ji—d and xi>ki+d is selected for
each integer 1 with xi being an idle output time slot of
the first time slot interchanger and also being an idle
input time slot of the second time slot interchanger.
Alternatively, where ji <ki for all 1, a time slot number
xi>ji+d and xi<ki—d is selected for each integer 1
with xi being an idle output time slot of the first time
slot interchanger and also being an idle input time slot
of the second time slot interchanger.

In the exemplary embodiment herein, the first and
second time slot interchangers are single-buffered. In
some applications, the above methods will not result in
sufficiently low blocking probabilities. One solution to
this is make the input time slots j1, j2 . . . JN and/or the
output time slots k1, k2. . . kN selectable by interposing
a third time slot interchanger in front of the first time
slot interchanger and/or interposing a fourth time slot
interchanger after the second time slot interchanger.
The third and fourth time slot interchangers are double-
buffered. To reduce blocking, the selections are made
such that for each integer i, the time slot number ji 1s as
close as possible to the time slot number ki. |

An alternative expression of the basic method of the
invention relies on the definition for each integer 1 from
1 to N, of si as the smaller number of the two numbers
j1 and ki, and i as the larger number of the two numbers
ji and ki. The N time slots x1, x2 . . . xN are selected
such that for each xi, a data word received by the first
time slot interchanger in time slot ji of a first frame of
time slots is connected through to a second time slot
interchanger and transmitted therefrom in time slot ki1 of
a second frame of time slots immediately following the
first frame. The data word is transmitted from the first
time slot interchanger in a time slot xi which is between
time slot (li4-d) of the first frame and time slot (si—d) of
the second frame, where di is a positive integer or zero.

DRAWING DESCRIPTION

FIGS. 1-3 are diagrams of a prior art switching sys-
iem;

FIG. 4 is a block diagram of a switching system utiliz-
ing an exemplary call processing method of the present
invention:

FIG. § and 6 illustrate time slot selection intervals
useful in performing the path hunt function in the
switching system of FI1G. 4;

FI1G. 7 illustrates the results of the exemplary path
hunt method of the present invention for a 4 X DS0 call;

FIG. 8 is a flow chart of the exemplary path hunt
program of the present invention;

FIG. 9 is an alternative embodiment of the system of
FIG. 4; and 1illustrating an example call between two
primary rate interfaces;

FIG. 10 is a flow chart of an exemplary path hunt
program as applicable to the example call of FIG. 9;

FIG. 11 1s the same FIG. 9 alternative embodiment
illustrating an example call between a primary rate
interface and a DS1 trunk; and
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FIG. 12 is a flow chart of an exemplary path hunt

program as applicable to the example call of FIG. 11.
DETAILED DESCRIPTION

The following description is arranged in two parts:
(1) the AT&T 5ESS ®) switch is described as it exists in
the prior art; and (2) call processing in an exemplary

method of the invention is described in terms of depar-
tures over the prior art system.

Prior Art System 1000

FIGS. 1-3 are used to describe the prior art switching
system 1000. The AT&T Technical Journal, July-Au-
gust 1985, Vol. 64, No. 6, Part 2, U.S. Pat. No. 4,322,843
issued to H. J. Beuscher et al. on Mar. 30, 1982, U.S.
Pat. No. 4,683,584 issued to S. Chang et al. on Jul. 27,
1987 and U.S. Pat. No. 4,621,357 issued to S. Naiman et
al. on Nov. 4, 1986 describe aspects of the system in
detail.

Switching system 1000 (FIG. 1) has three major com-
ponents: an administrative module (AM) 4000 that pro-
vides systemwide administration, maintenance, and
resource allocation; a communications module (CM)
2000 that provides a hub for distributing and switching
voice or digital data, control information, and synchro-
nization signals; and a number of switching modules
(SMs) 3000-1, 3000-N that perform local switching and
control functions and that provide interfaces to sub-
scriber lines and interexchange circuits.

AM 4000 provides the system-level interfaces re-
quired to operate, administer, and maintain system 1000.
It performs functions that can most economically be
done globally, such as common resource allocation and
maintenance control. For reliability, AM 4000 includes
fully duplicated processors and the two processors
work in an active/standby configuration. In normal
operation the active processor has control and, at the
same time, keeps the data in the standby processor up to
date. Thus when a fault occurs in the active processor,
the standby processor is switched into service with no
loss of data.

AM 4000 performs many call-processing support
functions, including systemwide craft maintenance ac-
cess, diagnostic and exercise control and scheduling,
software recovery and initialization, and certain fault-
recovery and error-detection functions best done on a
centralized basis. Within AM 4000, there is error-check-
ing circuitry for detecting and isolating faults. AM 4000
also performs administrative functions and provides
software access to external data links and to disk storage
(not shown).

The basic function of CM 2000 (FIG. 2) is to provide
consistent communications between the SMs, and be-
tween AM 4000 and the SMs. A message switch
(MSGS) 2020 transfers call-processing and administra-
tive messages between the SMs and AM 4000, and be-
tween any two SMs. MSGS 2020 performs a packet-
switching function within system 1000 utilizing the
well-known X.25 level-2 protocol to transfer control
messages through CM 2000 and its terminating network
control and timing (NCT) links 100-1, 100-N. This pro-
tocol includes error detection, positive message ac-
knowledgment, and message retransmission in the event
of a transmission error. A network clock 2030 provides
the clock signals that synchronize the time-division
network. Clock 2030 is synchronized through an exter-
nal source or runs on an internal reference basis with
periodic updating.
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System 1000 uses a time-space-time architecture. As
illustrated in FIG. 3, a time-slot interchange unit
(TSIU) in each SM performs the time-division switch-
ing; a time-multiplexed switch (TMS) 2010 in CM 2000
(FIG. 2) performs the time-shared space-division
switching. At each interface unit (FIG. 3) the outputs
from lines and trunks are converted into 16-bit time

slots. These bits are used for signaling, control, and
parity, and for binary-coded voice or data. The time

slots are switched through the TSIU and time-multi-

plexed on NCT links to TMS 2010.

TMS 2010 (FIG. 2) is a single-stage switching net-
work that provides the digital paths for switched con-
nections between the modules and for control messages
among modules. TMS 2010 interconnects the modules
via the NCT links. Each NCT link carries 256 channels
(time slots) of multiplexed data in a 32.768-Mb/s serial
bit stream. One of the time slots carries control mes-
sages, and the remaining 255 time slots carry digitized
voice or data. Two NCT links are associated with each
switching module, thus allowing 512 time slots to be
routed to and from TMS 2010. (However, only a singie
line 100-1 is shown in the drawing to represent both
NCT links between SM 3000-1 and CM 2004.) Setting
up a path between a line or trunk on two SMs involves
finding an idle time slot on one of the NCT links to each

SM. A path is then set up through TMS 2010 between
the two NCT links using the selected time slot. The
TSIU in each SM establishes a path between the se-
lected NCT time slot and the peripheral time slot associ-
ated with the line or trunk. (Since the paths are bidirec-
tional, one NCT time slot is needed for each direction of
transmission. In the present embodiment however, the
time slots for the two directions are selected to have the
same number.)

One of the signaling bits of the 16-bit time slots on the
NCT links to TMS 2010, referred to as the E-bit, 1s used
for continuity verification between SMs after an inter-
SM call has been set up through TMS 2010. For exam-
ple, after a call between SM 3000-1 and SM 3000-N has
been set up through TMS 2010 using -a particular time
slot, both SM 3000-1 and SM 3000-N begin transmitting
a logic one E-bit in the particular time slot as a continu-
ity signal and both also begin scanning the E-bit of the
particular time slot received from the other SM. The
call setup procedure is not considered complete until
both SM 3000-1 and SM 3000-N have detected the E-bit
continuity signal from the other SM.

SMs such as SM 3000-1 (FIG. 3) provide call-proc-
essing intelligence, the first stage of switching network,
and line and trunk terminals. SMs differ in the types and
quantities of interface equipment they contain, depend-
ing upon the characteristics of the lines or trunks termi-
nating thereon. Certain equipment i1s however, common
to all SMs. The common equipment includes a link
interface 3030, a TSIU 3010, and a module control unit
3020. Link interface 3030 provides a two-way interface
between each SM and TMS 2010 in CM 2000. Module
control unit 3020 controls call processing, call distribu-
tion, and maintenance functions. A variety of interface
units 3041, 3042 are available in system 1000. Line units
provide interfaces to analog lines. Trunk units provide
interfaces to analog trunks. Digital line trunk units pro-
vide interfaces to digital trunks and remote SMs, while
digital carrier line units provide the interface to digital
carrier systems. Integrated services line units provide
interfaces to digital ISDN lines. Each SM can accom-
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modate any mixture of these units, with up to 510 chan-
nels. Two time slots are used for control.

TSIU 3010 includes a signal processor, which handles
address and signaling information and a control inter-
face, which distributes control signals to and from the
interface units. TSIU 3010 switches time slots between
the interface units in an SM and connects time slots
from the interface units to time slots on NCT links.
TSIU 3010 switches 512 time slots—256 from each of
the NCT links between SM 3000-1 and CM 2000—and
512 peripheral time slots from the interface units. TSIU
3010 can connect any of its 312 peripheral time slots to
any other peripheral time slot, or to any time slot of
either NCT link to CM 2000.

System 1000 is a time division switching system
where the switching function is distributed to the plu-
rality of SMs 3000-1, 3000-N, each connected to a num-
ber of lines and/or trunks. Each SM provides connec-
tions among the lines and trunks connected to that mod-
ule. Calls involving lines or trunks connected to differ-
ent SMs are completed through TMS 2010 that inter-
connects the SMs. Each SM includes a control unit,
e.g., module control unit 3020, that controls the switch-
ing function of that SM. System 1000 also includes a
central control, e.g., AM 4000, that controls the switch-
ing function of TMS 2010. All calls within system 1000
require the selection of what is referred to as a network
time slot. For inter-module calls, the network time slot
is used for transmission from one SM, through TMS
2010, to another SM. The same network time slot 1s
used for both directions of transmission. For intra-
module calls, the network time slot 1s used within the
SM to connect one line or trunk to another line or
trunk. Two network time slots are used for intra-
module calls, one for each transmission direction. Al-
though the call processing function is distributed 1n
system 1000 in that the real-time intensive tasks associ-
ated with calls, e.g., signal processing, are performed by
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selecting the network time slot and setting up the TMS
2010 path if the call is an inter-module call, are central-
ized, being performed by AM 4000.

Recall that there are 512 channels (time slots) TS0
through TS511 between a given SM and TMS 2010
(F1G. 2) and that setting up a path for an inter-module
call between SM 3000-1 and SM 3000-N involves find-
ing a channel that is available on link 100-1, for example
TS44, and that has a corresponding available channel
TS44 on link 100-N. AM 4000 stores an availability bit
map for each of the links 100-1 through 100-N for use in
performing the network time slot selection function.
For each time slot marked not available on a given link,
AM 4000 also stores information defining the connec-
tion through TMS 2010 to one of the other hnks. Net-
work time slots are again marked available and the
connection information deleted in AM 4000 after a call
ends. (For reasons of efficient processing, this operation
may be deferred until a predetermined number of call
disconnects, e.g., 15, occur or a predefined time elap-
ses.) However, the path or connection through TMS
2010 is not removed after the call ends. As described in
the above-referenced U.S. Pat. No. 4,621,357 of S. Nai-
man et al., TMS 2010 removes connections only as
necessary to establish a new connection. The informa-
tion defining established TMS 2010 connections i1s
stored only within TMS 2010 in system 1000, and the
network time slot selection function (also referred to
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herein as the available path selection function) is per-
formed without reference to such information.

Exemplary Method of the Invention

FIG. 4 is a block diagram of switching system 80
implementing an exemplary method of the present in-
vention. The hardware elements of system 80 are sub-
stantially the same as those of switching system 1000
(FIGS. 1-3); however the drawing of FIG. 4 includes
only the time-multiplexed switch 30 portion of the com-
munications module and the time slot interchangers
shown in FIG. 4 are unidirectional and are therefore
shown on either side of time-multiplexed switch 30 to
aid in the explanation of the present invention. One pair
of unidirectional time slot interchangers corresponds to
one of the bidirectional time-slot interchange units 3010
of FI1G. 3.

Program 11 stored in administrative module 20 of
system 80 is adapted to perform path hunts for N XDS0
calls. Note that the time slot interchangers, e.g. 41, 42,
in the system are single buffered. In order to establish an
N X DS0 call between the input time slots j1, j2 .. . jN
of time slot interchanger 41 and the output time slots k1,
k2 ... kN of time slot interchanger 42, N idle network
time slots x1, x2 . . . xN must be determined. The selec-
tion intervals used in accordance with the present in-
vention to select network time slot xi are shown 1n
FIGS. 5 and 6. FIG. 5 depicts Case 1 where ji> =Kki. In
Case 1, an idle network time slot x1 1s selected either
between 0 and ki—1 or between ji+1 and 511. In Case
2 where ji<ki (FIG. 6), an idle network time slot x1 1s
selected either between O and ji—1 or between ki+1
and 511. More generally, the FIG. § intervals may be
expressed as between 0 and ki—d and between ji+d and
511 and the FIG. 6 intervals may be expressed as be-
tween 0 and ji—d and between ki+d and 511, where d
may be zero or a positive integer. In the present embodi-
ment, d=1 because of the delay characteristics of the
time slot interchangers. The exemplary method of the
invention is usable in system 1000 (FIGS. 1-3) to select
the network time slot used for both transmission direc-
tions of an inter-module call as well as to select each of
the two network time slots used for an intra-module
call.

An alternative way of expressing the selection inter-
vals is to denote si as the smaller number of the two
numbers ji and ki, and i as the larger number of the two
numbers ji and ki. An idle network time slot xt is found
which is between time slot (li4+d) of a first frame and
time slot (si—d) of the second frame.

Call blocking may occur using the above method.
When such blocking occurs, a further method may be
used if ji> ki for all i or if ji<ki for all i. If ji> ki for all
i, network time slots xi may be selected, if available,
such that xi<ji—d and xi>ki+d. If ji<ki for all i
network time slots xi may be selected, if available, such
that xi>ji+d and xt<ki—d.

The path hunt results for a 4 X DS0 call are shown 1n
FIG. 7. The selection intervals of Case 1 were applied
for i=3, and x3=52 was selected from the interval
between O and 57. The selection intervals of Case 2
were applied for i=1,2,4. Network time slot x1=4 was
selected from the interval between O and 11, network
time slot x2=214 was selected from the interval be-
tween 47 and 511, and network time slot x4=320 was
selected from the interval between 241 and 511.

FIG. 8 provides the flow chart for the N X DS0 path
hunt program in accordance with the invention. Blocks
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801 through 806 implement the primary method with
selection intervals as depicted in FIGS. § and 6. Blocks
807 through 814 implement the further method when
the primary method 1s unsuccessful in obtaining N net-

work time slots.
In some applications, the blocking probabilities ob-

tained using the program of F1G. 8 may be unaccept-
ably high. One solution to this is to make either or both
of the time slot sets ji and ki selectable. This may be
done through the use of additional time-slot interchang-
ers, which are themselves double-buffered such that
they do not introduce any frame misalignment of time
slots. As shown in FIG. 9, double-buffered time slot
interchangers are interposed between the single-buff-
ered time slot interchangers and primary rate ISDN
interfaces. DS1 trunks are connected directly to the
single-buffered time-slot interchangers.

FIG. 10 is the path hunt program flow chart for an N
time slot connection between primary rate interfaces 61
and 62 of FIG. 9. In block 851, the time slots j1,32 . ..
iN of time slot interchanger 41 and the time slots k1, k2
... kN of time slot interchanger 42 are chosen such that
for all i, ji is as close as possible to ki. Then in block 852
the program of FIG. 8 is performed.

FIG. 12 is the path hunt program flow chart for an N
time slot connection between primary rate interface 61
and output time slots k1, k2 . . . kN of time slot inter-
changer 43 for connection to DS1 trunk 63 as shown 1n
FIG. 11. In block 853, the time slots j1, j2 ... JN of time
slot interchanger 41 are chosen such that for all i, ji 1s as
close as possible to ki. Then in block 854 the program of
FIG. 8 1s performed.

It is to be understood that the above-described em-
bodiments are merely illustrative of the principles of the
invention and that many variations may be devised by
those skilled in the art without departing from the spirit
and scope of the invention. It is therefore intended that
such variations be included within the scope of the
claims.

We claim:

1. A method of establishing an N time slot connection
through first and second time slot interchangers, with
the output of said first time slot interchanger connected
to the input of said second time slot interchanger, where
i1, j2 ... jN are the numbers associated with the N input
time slots to said first time slot interchanger for said
connection and k1, k2. .. kN are the numbers associated
with the N output time siots of said second time slot
interchanger for said connection, with 1 being a positive
integer index 1< =N, said method comprising

A) for each integer i where ji> =ki, select a time slot

number xi> (ji+d) or xi <(ki—d) with xi being an
idle output time slot of said first time slot inter-
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changer and also being an idle input time slot of 55

said second time slot interchanger, and with d
being a positive integer Or zero,

B) for each integer i where ji<ki, select a time slot
number xi < (ji—d) or xi>(ki+d) with xi being an

8
second time slot interchanger to output time slots
k1, k2...kN.
2. A method in accordance with claim 1 further com-
prising
E) where N time slots x1, x2 . . . xN are not available
meeting the criteria specified in steps A) and B),
and where ji>ki for all i, selecting, before step C),
a time slot number xi such that xi <ji—d and xi1>-
ki-+d for each integer i with xi being an 1die output
time slot of said first time slot interchanger and also
being an idle input time slot of said second time slot
interchanger, and
F) where N time slots x1, x2 . . . xN are not available
meeting the criteria specified in steps A) and B),
and where ji<ki for all i, selecting, before step C),
a time slot number xi such that xi>j—d and
xi<ki—d for each integer i with xi being an idle
output time slot of said first time slot interchanger
and also being an idle input time slot of said second
time slot interchanger.
3. A method in accordance with claim 1 wherein a
third time slot interchanger is connected to the input of
said first time slot interchanger, said method comprising
prior to step A), selecting for each integer i, the time
slot number ji, with ji being an idle output time slot
of said third time slot interchanger, and

controlling said third time slot interchanger to con-
nect N input time slots to the output time slots )1, j2
.. . JN of said third time slot interchanger.

4. A method in accordance with claim 3 where for
each integer i, the time slot number ji 1s selected to be as
close as possible to ki.

5. A method in accordance with claim 3 where said
first and second time slot interchangers are single buff-
ered and said third time slot interchanger is double
buffered. |

6. A method in accordance with claim 1 wherein a
third time slot interchanger is connected to the output
of said second time slot interchanger, said method com-
prising

prior to step A), selecting for each integer i, the time

slot number ki, with ki being an idle input time slot
of said third time slot interchanger, and
controlling said third time slot interchanger to con-
nect the input time slots k1, k2 . . . kN of said third
time slot interchanger to N output time slots.

7. A method in accordance with claim 6 where for
each integer i, the time slot number ki is selected to be
as close as possible to Ji.

8. A method in accordance with claim 6 where said
first and second time slot interchangers are single buff-
ered and said third time slot interchanger 1s double
buffered.

9. A method in accordance with claim 1 wherein the
output of a third time slot interchanger is connected to
the input of said first time slot interchanger, the input of
a fourth time slot interchanger is connected to the out-
put of said second time slot interchanger, said method

idle output time slot of said first time slot inter- 60 comprising

changer and also being an idle input time slot of
said second time slot interchanger,

C) controlling said first time slot interchanger to
connect input time slots j1, j2 .. . JN to the output
time slots x1, x2 . . . xN of said first time slot inter-
changer, and |

D) controlling said second time slot interchanger to
connect the-input time slots x1, x2 . . . xN of said

65

prior to step A), selecting for each integer i, the time
slot numbers ji and ki, with ji being an i1dle output
time slot of said third time slot interchanger, ki
being an idle input time slot of said fourth time siot
interchanger,

controlling said third time slot interchanger to con-
nect N input time slots to the output time slots j1, j2
. .. JN of said third time slot interchanger, and
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controlling said fourth time slot interchanger to con-
nect the input time slots k1, k2 . . . kN of said fourth
time slot interchanger to N output time siots.

10. A method in accordance with claim 9 where for
each integer 1, the time slots ki and ji are selected to be
as close as possible to each other.

11. A method in accordance with claim 9 where said
first and second time slot interchangers are single buff-
ered and said third and fourth time slot interchangers
are double buffered.

12. A method in accordance with claim 1 with said
output of said first time slot interchanger being con-
nected to said input of said second time slot inter-
changer via switch means.

13. A method of establishing an N time slot connec-
tion through first and second time slot interchangers,
with the output of said first time slot interchanger con-
nected to the input of said second time slot inter-
changer, where ji, j2 ... JN are the numbers associated
with the N input time slots to said first time slot inter-
changer for said connection, k1, k2 . . . kN are the num-
bers associated with the N output time slots of said
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second time slot interchanger for said connection, with
i being a positive integer index with 1< =N, where for
each integer 1 from 1 to N, si is the smaller number of
the two numbers }i and ki and li is the larger number of
the two numbers ji and ki, said method comprising
selecting N time slots x1, x2 ... xN where for each xi,
a data word received by the first time slot inter-;
changer in time slot ji of a first frame of time slots
i1s connected through to a second time slot inter-
changer and transmitted therefrom in time slot ki of
a second frame of time slots immediately following
said first frame, and where the data word is trans-
mitted from said first time slot interchanger in a
time slot xi which is between time slot (li4-d) of
said first frame and time slot (si—d) of said second
frame, where d i1s a positive integer or zero.
14. A method in accordance with claim 13 with said

output of said first time slot interchanger being con-

nected to said input of said second time slot inter-

changer via switch means.
¥ X % x X%
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